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Abstract 
During the GPS observation in minefield especially in open-pit, the differences between stations are usually large, so that the 
influence of survey error is different from that in other flat area, and hence the various GPS methods are applied in the detailed 
surveys according to the different demands and typical site. Based on the analysis of our testing data, the key factor affecting the 
result precision exists in the coordinate transformation, that is, in the transformation of WGS84 ellipsoidal coordinates to the 
local planimetric coordinates and geodetic height. Therefore, South Toolbox 4.0 software is applied in the coordinates 
transformation to compute a set of ideal local coordinate transforming parameters in some region where may be ascertain 
problem happened, and the state coordinates system is not be used. Aiming at the various sources of GPS static positioning, both 
of absolute and relative positioning methods are applied in testing the factors influencing the precision of GPS positioning in 
minefields, considering PDOP value and coordinates transformation, and hence some practical conclusions about the static 
relative positioning accuracy of GPS dual frequency receivers in minefields are put forward here.   
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1. Introduction 
Along with the development of GPS technology, GPS positioning technique has been applied in various fields, 
but the detailed observing methods applied are different aiming at the different requirements of users and the 
different fields. Generally, the observation mode of GPS can be divided into two modes, i.e. static state and dynamic 
ones. The static mode is also can be subdivided into conventional static observation mode and speed static 
observation mode. The dynamic observation mode, and the dynamic observation mode is can be subdivided into the 
quasi-dynamic mode (post-processing mode, stop and go) and the real-time dynamic observation mode, meanwhile 
the real-time dynamic observation mode is also can be devised into tow manners: DGPS and RTK[1-2]. 
Relative positioning, i.e. difference positioning, is a method that determining the relative positions between the 
observing points based on the measurements from more than two GPS receivers, so that it can apply the 
pseudorange data or the phase observation data, and both of geodesy or engineering survey apply phase observation 
in relative positioning. The GPS data includes various errors such as clock error from satellites and receivers, 
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 atmospheric propagation delay, multipath effect and etc. Besides, the infection from satellite broadcasting ephemeris 
error also exists in the position computation. But in the relative positioning, a majority of common error can be 
eliminated or weakened, so the precision of positioning is greatly increased. In the general survey, GPS relative 
positioning method is often used to determine the three-dimensional position of any points on the ground. Although 
the net arrangement scheme may be different for the relative positioning, the main factors in design are usually are: 
(1) the physical position of receiver (reference station or moving station in speed static state mode); (2) the manner 
of distance measurement (measuring code and measuring phase pseudorange); (3) time consumed of data processing 
( real-time or post processing). The purpose of the paper is to analyze the error resources, the testing procedure and 
the final results by means of a testing data in a GPS static relative positioning over a baseline.  
2. Error resources and the correspond measures in GPS positioning 
GPS absolute positioning, that is a single point positioning, uses one set receiver to determine the spatial distance 
between the satellite and the receiver antenna so as to determine the point coordinates in WGS-84 system carrying 
through the rear intersection of spatial distances. However, the static relative positioning is to determine the relative 
positions by using two or more receivers, that is, to determine the vector between two terminating points of a 
baseline. 
Since the absolute positioning only uses one receiver, the precision is quite low, but in relative positioning, the 
length between two receivers is usually not very long, the error relativity is well, and a majority of errors such as 
clock error, orbit error, atmospheric error, etc. can be eliminated through difference. In our testing result the 
rudimental difference error lies on the distances among the receivers, i.e. its infections to two receivers are very 
similar [3]. 
The observation errors of GPS are usually resulting from the radiating paths of satellites and signals, the 
receivers, and the observation circumstance, so that the actual measurements are affected in the observation process. 
Based on the analysis of the error resources consideration of troposphere and ionosphere as the positioning 
precision, Hopfield mathematic model is applied in the testing to correct the systematic error caused by troposphere. 
After U.S. closed the SA policy, the absolute positioning precision of GPS is expected to be improved about 10 
times. Furthermore, another factor is the satellite geometric graph, that is, mainly the PDOP values, and therefore it 
is advisable to consider it less than 3. When the geometric elements are changed, RDOP = 0.1 is also reasonable.  
According to the analysis of our testing data, the other factors affecting the result precision are caused by 
coordinate transformation that transforms WGS 84 ellipsoidal coordinates into the local plane coordinates and 
geodetic heights. Therefore, Toolbox 4.0 software programmed by South Survey Company is utilized to transform 
the coordinate system, and a group of ideal local coordinates transforming parameters is calculated for some region 
where may exist problems, but the state coordinate system is not applied. In this way, there are 4 groups of 
coordinates matched each other for the nearby testing baselines in the two coordinate systems in the testing region, 
and their precisions are optimum proved by error theory, so that those are selected to carry through the coordinate 
transformation. According to our experiment, the computing precision of each coordinate is a few centimeters by 
using the group of coordinate transforming parameters. In the final result of obtained measurements tested in single 
point positioning, the error values of a few centimeters can be ignored comparing with other errors, but only a few 
centimeters of coordinate transforming error may be the primary error in the coordinate computation of static 
relative positioning. 
3. Testing project 
3.1 Determination of testing baseline terminate points 
South S82 dual-frequency receivers are used to test the initial data, and South data processing 4.0 software is used 
to transform the coordinates in WGS 84 system into the local plane coordinates and geodetic heights. All the 
position errors of those connecting points are quite small and can meet the needs of the testing precision.   
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3.2 Testing of absolute positioning precision 
The observation applies South S82 dual-frequency receivers. In the process of constituting testing project, it is 
very important to consider PDOP values, therefore, GPS post-processing software is not only used in the 
computation of coordinates results but also in the selection of observation project. In the view of consideration of 
PDOP values, the observation of 2-2 group are set, that is, groups of 1, 2, 3, and 4 consisted each other to form the 
matching. The sampling rate is 15 second, the satellite altitude angle is 15 degree and each observation group 
contains 100 measurements [4]. 
For Groups 1 and 2, the PDOP values are less than 3, the average observation time interval of each measurement 
is 2 hours and the computation and statistics for each group of data are based on 48000 to 48000 points. For Groups 
3 and 4, the PDOP values are larger than 4, the average time of each observation is 25 minutes and the computation 
is based on 10000 to 10000 points. The characteristics and the observation measurement precisions of each group 
are listed in Tables 1 and 2  








Table 2. Mean square error of measurements  
Group PDOP  δx (m) δy (m) δH (m) δxy (m) δp (m) 
1 good 1.979 1.620 2.856 2.558 3.834 
2 good 1.839 1.271 3.450 2.235 4.111 
3 bad 2.585 2.198 5.669 3.393 6.607 
4 bad 2.988 2.349 7.776 3.801 8.655 
3.3 Analysis on static relative positioning 
There are 50 different measurements included in the observation data group by using South S 82 dual-frequency 
receivers [5-6]. During the period of testing, a combination observation of two sets of receivers is used in the 
prophase with total 78 hours, each time being 1.5hours. In the cases similar to absolute positioning for the sampling 
period interval and satellite altitude angle, the actual details and precision situation of testing are listed in Table 3 in 
terms of testing project in which the PDOP values are less than 3.  
4. Conclusions 
It is shown that from Tables 3 and 4 based on the analysis about the testing data in GPS relative positioning: 
a) The precision scope of Groups 3 and 4 are higher than that of Groups 1 and 2 in coordinates discrepancy and 
standard error, nearly double times, and the main reason for this is caused from the bad PDOP values and short 
observation satellite ephemeris. 
b) The observing precisions of coordinates x and y are very similar, but the error of elevation H is nearly double 
times of the error of plane coordinates x and y, where the mean square error of plane coordinates is ±10.2 mm, 
however the mean square error of elevation is ±20.8 mm. The average position error is ±11.6 m in the significant 
level of 2δ according to the computation of 2-2 similar observation group. 
c) The precision applied in the experiment is 5-15 m, and can meet the requirements of plane control survey in 
minefield, considering that the primary problem in minefield GPS positioning is the point position error but the error 
Group dx (m) dy (m) dH (m) 
1 -5.574~2.403 -3.953~4.682 -7.103~10.145 
2 -4.997~2.645 -2.305~5.175 -7.303~8.122 
3 -6.476~6.206 -6.313~4.085 -14.522~17.475 
4 -9.496~6.951 -6.386~4.868 -13.774~26.561 
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 of three-dimensional position. 
d) A dissymmetry cases are presented in some data listed and it is shows that there is symmetrical error exist in 
the observation. 
Table3. Accuracy of final results  
Discrepancy with average coordinates (m) 
dx                        dy                        dH                       dl 
0.006 ~0.015     –0.009~0.008    –0.022 ~ 0.022   –0.009 ~ 0.016 
Standard error (mm) 
δx＝±4.2  δy＝±2.9  δH＝±9.1  δl＝±4.7  δxy＝±5.1   δp＝±10.4 
Discrepancy between average coordinate and known one (m) 
dx＝–0.032           dy＝–0.183            dH＝–0.058 
Scope of coordinate discrepancy (m) 
           dx                           dy                              dH 
–0.038 ~0.017        –0.192 ~0.175           –0.080 ~0.036 
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